Abstract-This research was centered on an enhanced bidir�ctionally-pumped remote L-band erbium-doped fiber amplifier (EDFA) module. The amplifier was backward pumped using 1455 nm Raman laser while the SRS generated in the delivery line pumped the remote EDFA in the forward direction. Gain values around 12 dB and 9 dB were measured for input signal of -30 and 0 dBm respectively. Excellent gain flatness was observed for both input levels with similar maximum gain variation of only 1.2 dB. -30 dBm input produced high noise figures up to 11.6 at the shorter wavelengths which declined as the signal moved further across the L-band window. The same trend was observed for 0 dBm input where at 1570 nm, 12.1 dB noise figure was acquired and went �own to 7.2 . dB at 1605 nm. Gain and noise figure behavIOrs were attributed to the gain competition due to the presence of the SRS, which was inadvertently amplified as well.
INTRODUCTION
The introduction of the L-band transmission window has broadened the optical communication bandwidth and boosted the capability of dense wavelength division multiplexing (DWDM) scheme. Moreover, the use of L band eliminated the problem of four-wave mixing (FWM) caused by the zero dispersion wavelength of older dispersion-shifted fiber (DSF) [1] . Not only that, the L-band region is located inside the amplification bandwidth of the erbium-doped fiber amplifier or EDF A, which is widely considered as the most efficient optical amplifier at the moment.
The EDF A has shown excellent performance in the L band window, reaching up to 33.5 dB while maintaining the noise figure at only around 5.9 to 6.6 dB [2] . The problem with EDF A in L-band is the low emission coefficient across the window that inadvertently requires the employment of gain enhancement techniques. Several studies have been conducted on methods such as double-pass amplification [3, 4] , C-band pumping [5] and secondary pumping [6, 7] . Unfortunately, most of the studies have been focused on discrete EDF A. There is very little work done on enhancing remote L-band EDF A even though in actual the performance of remote EDF A encounters more impedance due more attenuation to the long distance propagating pump laser. Only Masuda et al. reported an enhanced R-EDFA design that combined dual-stage EDF with double-pass amplification technique, which was able to obtain an average gain of7.9 dB with noise figure lesser than 7 dB [8] . III.
PERFORMANCE OF THE AMPLIFIER
The gain and noise figure performance of the amplifier can be observed in Fig. 2 . The gain of the -30 dBm input was measured about 12 dB, with the lowest gain of 11.8 dB noted at 1570 nm. The gain increased gradually as the signal was varied towards 1596 nm, reaching up to 13 dB. The gain dropped afterwards, down to 12 dB at 1605 nm. The gain for 0 dBm input was lower due to the fact that the higher power level makes it more susceptible to gain saturation. The gain values hovered around 9 dB with the lowest gain value of 8.9 dB attained again at 1570 nm while the maximum gain of 10 dB was also seen near 1596 nm.
Similar decline was also noted after that wavelength and at 1605 nm, only 9.3 dB of gain was measured. The gain variation for both input signals was minimal and was calculated to be equal at 1.2 dB. 
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CONCLUSIONS
Results from the experiment show the potential for a more efficient remote EDF A module that can utilize both primary pump and the commonly present SRS in remote pumping. In this particular case, while the total power delivered to the amplifier was high, the location of the SRS close to the L band amplification region caused gain competition and increased the noise figures at nearby wavelengths. However, the excellent gain flatness was an interesting outcome and could be investigated further. The use of longer EDF length can be considered if the pump wavelength is to be maintained. This could allow better absorption of the C band SRS and diminish the gain competition. Another alternative is to vary the pump wavelength and obtain an SRS at a location further away from the L-band window and with higher erbium absorption. This should enable a more efficient use of the SRS as a pump for L-band amplification.
